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Abstract
Almost the entire world, not only China, is currently experiencing the outbreak of a novel coronavirus that causes respiratory
disease, severe pneumonia, and even death. The outbreak began in Wuhan, China, in December of 2019 and is currently still
ongoing. This novel coronavirus is highly contagious and has resulted in a continuously increasing number of infections and
deaths that have already surpassed the SARS-CoVoutbreak that occurred in China between 2002 and 2003. It is now officially a
pandemic, announced byWHO on the 11th of March. Currently, the 2019 novel coronavirus (SARS-CoV-2) can be identified by
virus isolation or viral nucleic acid detection; however, false negatives associated with the nucleic acid detection provide a
clinical challenge and thusmake the imaging examination crucial. Imaging exams have been amain clinical diagnostic criteria for
the 2019 novel coronavirus disease (COVID-19) in China. Imaging features of multiple patchy areas of ground glass opacity and
consolidation predominately in the periphery of the lungs are characteristic manifestations on chest CT and extremely helpful in
the early detection and diagnosis of this disease, which aids prompt diagnosis and the eventual control of this emerging global
health emergency.
Key Points
• In December 2019, China, an outbreak of pneumonia caused by a novel, highly contagious coronavirus raised grave concerns
and posed a huge threat to global public health.
• Among the infected patients, characteristic findings on CT imaging include multiple, patchy, ground-glass opacity, crazy-
paving pattern, and consolidation shadows, mainly distributed in the peripheral and subpleural areas of both lungs, which are
very helpful for the frontline clinicians.
• Imaging examination has become the indispensable means not only in the early detection and diagnosis but also in monitoring
the clinical course, evaluating the disease severity, and may be presented as an important warning signal preceding the negative
RT-PCR test results.
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COVID-19 Coronavirus disease 2019
SARS-CoV-2 Severe acute respiratory syndrome
coronavirus 2
Introduction
In December of 2019, the city of Wuhan, located in the Hubei
province of China, became the epicenter of an outbreak of a
pneumonia of unknown cause. This pneumonia was later con-
firmed to be secondary to infection by a novel coronavirus.
This virus was originally called the 2019 novel coronavirus
(2019-nCoV), but on February 11, 2020, the disease was
named COVID-19 by the World Health Organization
(WHO), and the virus was named “severe acute respiratory
syndrome coronavirus 2” (SARS-CoV-2) by the International
Committee on Taxonomy of Viruses (ICTV). It is believed
that the COVID-19 outbreak has a zoonotic origin and began
in the Huanan wet seafood wholesale market in Wuhan.
SARS-CoV-2 has proven to be extremely contagious and
spreads easily from person to person. Cases of COVID-19
have now spread beyond Wuhan to many other provinces in
China as well as other countries, which has raised internation-
al attention and concern. As of March 12, 2020, more than
81,000 human infections with SARS-CoV-2 and at least 3100
deaths related to COVID-19 have been confirmed in China
alone. Although the epidemic situation in China has been
relatively under control, the situation outside China is getting
worse. So far, the COVID-19 viral disease that has swept into
at least 114 countries with more than 60,000 cases diagnosed
and more than 4000 people killed is now officially a pandem-
ic, as WHO Director-General Tedros Adhanom Ghebreyesus
announced in Geneva on March 11.
At first, COVID-19 appeared in a few clusters and was
more likely to affect persons with advanced age or other co-
morbidities, but it is now more widespread. Infection can re-
sult in severe pneumonia and even fatal respiratory diseases
such as acute respiratory distress syndrome (ARDS) [1, 2].
The main clinical presentation includes fever, dry cough, fa-
tigue, and malaise and/or non-specific upper respiratory tract
infection symptoms that may not be particularly noticeable.
As previously reported [1], patients with severe illness can
develop dyspnea and some even developed ARDS and re-
quired ICU admission and oxygen therapy. Laboratory find-
ings of patients infected with SARS-CoV-2 include lympho-
penia, elevated CRP, and erythrocyte sedimentation rate.
Genetic sequencing of SARS-CoV-2 has enabled the rapid
development of point-of-care real-time RT-PCR diagnostic
tests specific for COVID-19 [3, 4]. Novel coronavirus nucleic
acids are detected in throat swabs, sputum, lower respiratory
tract secretions, and blood. At present, the diagnosis of
COVID-19 is primarily based on the patient’s epidemiological
history, clinical symptoms, chest imaging findings, and etio-
logical evidence. Viral nucleic acid testing is an important
diagnostic criterion; however, it has some limitations. False
negatives from viral nucleic acid testing arise from the uneven
quantity of detection technology, disease characteristics
(asymptomatic patients), and status of epidemic prevention
and control, as well as errors in clinical sampling [5].
COVID-19 is highly contagious; thus, early detection and
diagnosis are of paramount importance to isolate suspected
cases and contacts to control the outbreak. The challenges in
identification of pathogens by viral nucleic acid testing have
made some frontline clinicians propose CT as a diagnostic
method for identifying COVID-19 patients. This review aims
to briefly introduce the novel coronavirus pneumonia and
highlight the value of imaging in its diagnosis.
Etiology and epidemiology
Coronaviruses typically result in respiratory and enteric infec-
tions and affect both animals and humans. Six coronavirus
species are known to cause human infection, two of which
typically can cause severe respiratory illness and fatalities:
SARS-CoV (severe acute respiratory syndrome coronavirus)
which had an outbreak in Guangdong, China, between 2002
and 2003 andMERS-CoV (Middle East respiratory syndrome
coronavirus) which had an outbreak in 2012 outbreaks in the
Middle East [6, 7]. By January 7, 2020, Chinese scientists had
isolated the novel coronavirus from patients in Wuhan [3]. It
has been reported [8] that SARS-CoV-2 was more similar to
two bat-derived coronavirus strains (bat-SL-CoVZC45 and
bat-SL-CoVZXC21) than to known human-infecting
coronaviruses, including the virus that caused the SARS out-
break of 2003. Molecular modeling has shown structural sim-
ilarity between the receptor-binding domains of SARS-CoV
and SARS-CoV-2, which suggests that SARS-CoV-2 may use
angiotensin-converting enzyme 2 (ACE 2) as a receptor. The
differences of the etiological characteristics among SARS-
COV, MERS-COV, and SARS-CoV-2 are shown in Table 1.
On December 31, 2019, the Health Commission of Hubei
province in China announced that 27 patients were afflicted
with this mysterious disease, which was subsequently discov-
ered to be COVID-19. The outbreak is believed to zoonotic in
origin and likely started at the Huanan wet seafood wholesale
market in Wuhan. SARS-CoV-2 is highly contagious and the
basic reproductive number of the virus was estimated to be 2·2
[9, 10]. COVID-19 has spread beyond Wuhan to other cities
in China and other countries. In recent days, there is a
significant growth trend in other countries, especially in
South Korea, Japan, Italy, and Iran. The current global
situation as of March 13 2020, of COVID-19 is shown in
Fig. 1.
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In the available reports, the bat is the most possible host of
the SARS-CoV-2 and another animal may act as an interme-
diate host between bats and humans [8, 11]. To this point, the
main infection sources were the patients infected with SARS-
CoV-2. COVID-19 mainly spread via human-to-human trans-
mission through respiratory droplets and contact. The human
population in general is susceptible, while the elderly as well
as people with underlying diseases show more serious condi-
tions after infection [12]. Although most people were reported
to have a good prognosis of COVID-19, it is unknown wheth-
er there are potential impacts on the patients in the future and
the sequelae are not available. In the case of the SARS out-
break, significant impact on pulmonary function, functional
capacity, and quality of life was found during patient follow-
up [13, 14]. The additional and detailed information about
“Etiology and Epidemiology” is provided in Electronic
Supplementary Material (ESM).
Imaging features
According to current diagnostic criteria, identification of the
viral pathogen via nucleic acid detection (usually from swab
test) is considered as the gold standard and formative assess-
ment for the diagnosis of COVID-19 [12]. However, due to
various problems of virus detection in the clinical setting such
as a shortage of supply test kits, irregular sampling of samples,
laboratory error, insufficient viral material in the specimen,
improper extraction of nucleic acid from clinical materials,
and contaminatory and technical problems, there have been
false negatives. Health care workers on the front line have
found the diagnostic value of imaging to be increasingly valu-
able, which has translated over into clinical diagnosis of
COVID-19 patients [12]. In the clinical work of this epidemic,
the radiologists play a crucial role in the rapid identification
and early diagnosis of a suspected patient—this can be of
great benefit not only to the patient but also to the larger public
health surveillance and response systems.
Fig. 1 Countries, territories, and areas with reported confirmed cases of COVID-19, as of March 13, 2020. https://www.who.int/emergencies/diseases/
novel-coronavirus-2019/situation-reports
Table 1 Etiological characteristics of SARS-COV, MERS-COV, and SARS-CoV-2
Virus Genus Intermediate host Reservoir host Receptor Origin
SARS-COV-2 β-coronavirus ? Bat ACE2 Wuhan, China
SARS-COV β-coronavirus Civet Bat ACE2 Guangzhou, China
MERS-COV β-coronavirus Dromedary Bat CD26/DPP4 Saudi Arabia
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Chest radiograph
Chest radiograph of COVID-19 is not routinely recommended
in clinical practice currently because they are insensitive to
detecting COVID-19 in the early stage. However, chest radi-
ography may have some utility, with the potential to serve as a
screening tool on the frontlines in medical settings with limit-
ed resources or in cases where the patient’s physical condition
does not allow for transport to the radiology department CT
scanner. As the disease progresses beyond the early stage,
chest radiography can detect multiple patchy opacities
throughout the lungs. These opacities eventually become con-
fluent and severe cases may appear as a “whited out lung”
[15]. In more advanced cases, in addition to the ground glass
opacity and consolidation, even pleural fluid (in a severe case)
has been reported on the chest radiographs [2, 16]. Progressive
opacities and consolidation have been observed on chest ra-
diographs over the time course of the illness [17]. In the first
case of COVID-19 reported in the USA, there were no obvi-
ous abnormalities on the chest radiograph during the early
stages after the onset of symptoms. However, on day 9 of
the illness, an increased area left basilar opacity was visible
on chest radiography. Then, stable streaky opacities in the
lung bases were visible, and the opacities have steadily in-
creased over time [18].
Chest computed tomography
Computed tomography (CT) imaging is strongly recommend-
ed because it is very sensitive to detecting early disease,
assessing the nature and extent of lesions, and discovering
subtle changes that are often not visible on chest radiography.
The imaging features of lesions are always described with the
following factors: distribution, quantity, shape, pattern, densi-
ty, and concomitant signs [19].
The typical chest CT imaging characteristics of COVID-19
include multiple, peripheral, bilateral, patchy, sub-segmental,
or segmental ground glass opacities and areas of consolida-
tion, which are mostly distributed along the bronchovascular
bundles and subpleural space. The presence of associated in-
terlobular septal thickening in the areas of ground glass opac-
ity can give a crazy paving appearance. Air bronchograms
with the areas of consolidation and bronchial wall thickening
are often present. More rarely, there is a thickening of the
adjacent pleura or interlobar pleura, and a small amount of
pleural effusion. There is no obvious lymphadenopathy [15]
(Tables 2, 3). The imaging features mentioned above are con-
sistent with the findings from 81 patients in a recently reported
article, in which the predominant pattern of abnormality ob-
served was bilateral, peripheral, ill-defined, and ground glass
opacification, mainly involving the right lower lobes [20].
Furthermore, in the currently available reports, the most com-
mon chest CT findings in COVID-19 patients are the
peripheral areas of ground glass opacity/consolidation (with-
out subpleural sparing) which are bilateral in distribution
[21–23]. In one study, of 21 patients, most had more than
two lobes affected (15 of 21, 71%) with bilateral involvement
(16 of 21, 76%) [24]. Another study showed that the most
common patterns of COVID-19 on thin-section CT images
are pure ground glass opacity, ground glass opacity with
intra- and/or interlobular septal thickening, and ground glass
opacity with consolidation and consolidation, with prominent
distribution in the posterior and peripheral part of the lungs
[25]. In a large research cohort study, chest CT findings
showed a bilateral distribution of patchy ground glass opacity
and consolidation in 138 patients [26]. Typical chest radio-
graph and chest CT of COVID-19 are shown in Figs. 2 and 3.
In “Expert Recommendations from the Chinese Medical
Association Radiology Branch,” chest CT manifestations of
COVID-19 are divided into three stages: early, advanced, and
severe, based on the extent of lesion involvement [15]. This
current clinical guideline recommends dividing COVID-19
into four stages according to the time of onset and the response
of body to the virus with additional dissipation stage (Fig. 4).
1. Early stage: Chest CT shows single or multiple scattered
patchy or conglomerate ground glass opacities, predomi-
nantly in the middle and lower lungs and along the
bronchovascular bundles. These ground glass lesions are
often located in peripheral and subpleural areas of the
lung. Intra- and interlobular septal thickening sometimes
present in the areas of ground glass opacity can give a
crazy paving pattern. The pathological process during this
stage is dilatation and congestion of the alveolar septal
capillary, exudation of fluid in alveolar cavity, and inter-
lobular interstitial edema [19]. One patient had normal
chest CT at initial presentation; however, 3 days later the
disease progressed and developed a solitary rounded
ground glass lesion in the right lower lobe, indicating this
pattern may represent the very first radiologically visible
manifestation in patients infected with SARS-CoV-2 [24].
2. Advanced stage: At this stage, chest CTs will show new
lesions that are similar to the earlier lesions described
above. In addition, findings from the early stage of disease
increase in density and extent, coexisting with the new
areas of disease. As areas of consolidation grow, air
bronchograms are often present in the areas of consolida-
tion. A previous case report described a patient who had
evolved into a mixed pattern of ground glass opacities and
consolidation by 15 after onset of symptoms [27]. The
pathological features in this stage are the accumulation
of a cell-rich exudate in the alveolar cavity, vascular ex-
pansion, and exudation in the interstitium. The fibrous
exudation connects each alveolus through the
interalveolar space to form a fusion state [19].
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3. Severe stage: As the disease further progresses, chest CT
shows diffuse consolidation of the lungs of varying den-
sity secondary to the fibrous exudate into the alveolar
cavity, air bronchograms, and bronchial dilation. Non-
consolidated areas of the lung appear as patchy ground
glass opacity. When most of the lungs are involved, the
lungs appear as a “whited out lung.” The pleura is thick-
ened and there can be a small amount of pleural effusion.
4. Dissipation stage: Images show gradual resolution of the
ground glass opacity and consolidation in the lungs with
some residual curvilinear opacities compatible with
fibrosis.
After isolation and treatment, a majority of patients infect-
ed by COVID-19 stabilize and gradually recover and on im-
aging the areas of disease decrease correspondingly. However,
in a small number of patients with underlying disease or ad-
vanced age, the disease progresses during the treatment with
the scope of the lesions in the lungs expanding and increasing
density, eventually appearing as “whited out lungs.”
Role of imaging in COVID-19
On the frontlines of fighting the COVID-19 epidemic, chest
imaging (particularly chest CT) now has an irreplaceable role
in the early diagnosis of COVID-19 as well as monitoring the
disease’s clinical course. COVID-19 has characteristic mani-
festations in the lung that are readily detected on chest CT as
described in some recent publications [15, 24, 25]. In several
prior reports, chest CT showed progression of disease that
corresponded with worsening clinical symptoms and also dis-
ease resolution as the patients clinically recovered [21, 22,
27]. In a recent report [20], the predominant pattern of abnor-
mality in COVID-19 observed on the basis of the interval
between symptom onset and the first CT scan has some dif-
ferences. Lesions quickly evolved from focal unilateral to dif-
fuse bilateral ground glass opacities that progressed to or co-
existed with consolidations within 1–3 weeks, indicating the
change through clinical course which was also reflected on the
number of involved lung segments. In a prior study of 51
patients, the absolute number of lung findings increased with
the time from symptom onset and lesions with consolidations
including ground glass opacities with consolidation and pure
consolidation showed mildly positive correlation with the
time between symptom onset and the CT [25]. Another report
demonstratedmild or moderate progression of disease as man-
ifested by increasing extent and density of lung opacities dur-
ing follow-up [24]. In the context of typical clinical presenta-
tion and exposure history, some patients may present with
negative results of RT-PCR for COVID-19 but have charac-
teristic imaging features of COVID-19 on chest CT.
Subsequently, these patients whose labs were initially nega-
tive for COVID-19 did test positive later with repeat swab
tests. Thus, in patients at high risk for COVID-19, chest CT
evidence of viral pneumonia may precede negative RT-PCR
test results and present as an important warning signal. A
combination of repeated swab tests and CT scanning may be
helpful for individuals with high clinical suspicion of COVID-
19 but negative RT-PCR screening [28, 29]. Chest CT has a
high sensitivity for diagnosis of COVID-19. In a report of 51
patients with chest CT and RT-PCR assay performed within
3 days, the sensitivity of chest CTwas greater than that of RT-
PCR for COVID-19 at initial patient presentation (98% vs
71%, respectively, p < 0.001) [30]. In another study of 1014
Table 2 The typical features on CT imaging of COVID-19
Parameter Characteristic manifestations on CT imaging
Density Ground glass opacity and consolidation, possible interlobular septal thickening
Shape Patchy, sub-segmental, or segmental
Distribution Mid and lower lungs along the bronchovascular bundles with bilateral involvement
Location Peripheral and subpleural areas of the lung parenchyma
Concomitant signs (variable) Air bronchogram, a small amount of pleural effusion, no obvious lymphadenopathy
Table 3 Frequency of chest CT findings in COVID-19
CT signs Frequency Stage
Ground glass opacity ++++ E/A/S
Consolidation without ground glass opacity ++ S
Ground glass opacity and crazy paving ++ E/A/S
Ground glass opacity with consolidation +++ E/A/S
Patchy ground glass opacity +++ E
Bilateral distribution ++++ E/A/S/D
Peripheral distribution +++ E
Air bronchogram ++ E/A/S
Pleural effusion + S
Strip-like opacity + D
The appearance frequency of each CT characteristic is described in order
from low to high as (+~++++); E, A, S, and D stand for stage early,
advanced, severe, and dissipation
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patients, 59% had positive RT-PCR results, and 88% had pos-
itive chest CT scans. The sensitivity of chest CT in suggesting
COVID-19 was 97% based on positive RT-PCR results.
Between 60% and 93% of cases had initial positive CT con-
sistent with COVID-19 prior (or parallel) to the initial positive
RT-PCR results [31]. In addition, chest CT can evaluate dis-
ease severity. In terms of the percentage of pneumonia lesions
in the entire lung volume, the difference between the earlier
stage patients and the severe stage patients is statistically sig-
nificant [32]. In an initial prospective analysis of the clinical
features of 41 patients, chest CT images of ICU patients on
admission showed bilateral multiple lobular and subsegmental
areas of consolidation, and overall had more imaging abnor-
malities than non-ICU patients [1]. Older patients may have
more systemic symptoms, more extensive lung involvement,
and worse prognosis than younger patients [33]. Thus, the
typical CT findings of COVID-19 can not only help early
screening suspected cases, but can also monitor the clinical
progression and may predict severe complications such as
acute respiratory diseases. With high sensitivity for COVID-
19, chest CTwould play a very important role in the diagnosis
and treatment of COVID-19 in the high-risk regions and
Fig. 3 Typical CT findings of
COVID-19. Chest CT (a) in a 75-
year-old male show multiple
patchy areas of pure ground glass
opacity (GGO) and GGO with
reticular and/or interlobular septal
thickening [25]. Chest CT image
of a 38-year-old male (b) shows
multiple patches, grid-like lobule,
and thickening of interlobular
septa, typical “paving stone-like”
signs [19]. An axial CT image
obtained in 65-year-old female (c)
shows bilateral ground glass and
consolidative opacities with a
striking peripheral distribution
[23]. CT image of a 65-year-old
male (d) shows large
consolidation in the right middle
lobe, patchy consolidation in the
posterior and basal segment of
right lower lobe, with air
bronchogram inside [19]
Fig. 2 Chest radiograph (a) in a
61-year-old man shows bilateral
patchy, somewhat nodular
opacities in themid to lower lungs
[16]. Unenhanced computed
tomography (CT) images (b) in a
33-year-old woman., Images
show multiple ground glass
opacities in the periphery of the
bilateral lungs. The bilateral,
peripheral patterns of opacities
without subpleural sparing are
common and characteristic CT
findings of the 2019 novel
coronavirus pneumonia [22].
Chest CT image of a 71-year-old
male (c) shows consolidation in
the peripheral right upper lobe
and a patchy area of ground glass
opacity with some associated
consolidation intra- and
interlobular septal thickening
within the left upper lobe [25]
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countries. In some extreme situations in very high-risk areas
(Wuhan, China), CT was the one of main diagnostic criteria
for this disease due to the relatively high false negative of RT-
PCR. For some low-risk regions and countries, positive pre-
dictive value of CT alone or adding CT to RT-PCR should be
adjusted. The proposition of CT could be tempered to some
degree. Therefore, to be more accurate, the role of chest CT in
COVID-19 should be assessed based on the prevalence of the
disease in each area.
Differential diagnosis
The CT appearance of COVID-19 shares some similarities
with other diseases that cause viral pneumonia, including in-
fluenza viruses, parainfluenza virus, adenovirus, respiratory
syncytial virus, rhinovirus, human metapneumovirus, etc.
(Table 4). In particular, those within the same viridae (SARS
and MERS) have great similarities in imaging findings be-
cause they belong to the same coronaviridae family, and thus
need to be excluded through clinical manifestations and
laboratory pathogen detection. Imaging in MERS pneumonia
can also show ground glass lesions in the subpleural and basal
parts with consolidation, and fibrosis changes can be left after
healing [34]. In the pneumonia patients infected by respiratory
syncytial virus, chest CT mainly manifested as small
centrilobular nodules and areas of consolidation which are
often asymmetrically distributed in the lungs. Adenovirus
pneumonia shows bilateral multifocal ground glass opacities
with patchy consolidations on CT images and may show lobar
or segmental distribution. Human parainfluenza virus pneu-
monia may show centrilobular nodules with bronchial wall
thickening that differentiates it from the imaging appearances
of the other viruses. Radiographs in patients with influenza
pneumonia show bilateral patchy areas of ground glass opac-
ity with or without focal areas of consolidation, usually in the
lower lobes [34]. In a report on H1N1 influenza infection, in
addition to the most common findings of ground glass opacity,
interlobular septal thickening, and centrilobular nodules were
the second most frequent findings [35]. Rapidly progressive
ground glass opacities and consolidations with air
bronchograms and interlobular septal thickening, with right
Fig. 4 CT manifestations of different stages of COVID-19
Table 4 Differential diagnosis of different viral pneumonia
Virus Imaging characteristics
MERS-COV Ground glass lesions in the subpleural and basal portions of the lung parenchyma with areas of consolidation;
fibrotic changes can be present after healing
H1N1 Ground glass opacity, interlobular septal thickening, and centrilobular nodules
H7N9 Ground glass opacity and consolidation with air bronchograms and interlobular septal thickening
Human parainfluenza virus Centrilobular nodules with bronchial wall thickening, findings which differentiate it from other viral infections
Respiratory syncytial virus Small centrilobular nodules and areas of parenchymal consolidation; asymmetrically distributed in the lungs
Adenovirus pneumonia Bilateral multifocal ground glass opacities, patchy consolidation in a lobar and/or segmental distribution
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lower lobe predominance, are the main imaging findings in
H7N9 pneumonia [36]. Viruses are a common cause of respi-
ratory infection and recognition of viral pneumonia patterns
may help in the differentiation among viral pathogens, while
the definite diagnosis is achieved by laboratory detection of
virus.
In addition, COVID-19 also needs to be distinguished from
mycoplasma pneumonia, chlamydia pneumonia, and bacterial
pneumonia. Other diseases that need to be identified are vas-
culitis, acute interstitial pneumonia, connective tissue-related
lung disease, and cryptogenic organizing pneumonia [15].
Conclusions
The COVID-19 initially began in China; however, it is ex-
tremely contagious and has spread beyond China to many
other countries, raising concerns and posing not only a huge
threat to global public health but also a huge economic burden
and panic to society. Early disease recognition can prompt
early patient isolation and early diagnosis and treatment. In
the current situation, imaging of COVID-19, particularly with
chest CT, has a very high value because it shows characteristic
manifestations and has enabled frontline clinicians to have
primary diagnosis in their first contact with suspected patients,
even in the presence of initially false negative lab results.
Earlier diagnosis with the aid of imaging allows for early
containment and response to this communicable disease as
well as overcoming the outbreak as soon as possible through
a joint effort.
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